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m * L TJSm^SI I- i *i ^ $ v> a i: s- 
«l*»ffitfm^>Y^53lBl8&SBi:. KrSB7- -fe 

v»(-it?iMMU/^» 1 OMOS h 7 >v;^*'i3J:im2 20 

ttfitlt;i&f^1-*. i:vncit?iJ^M$ti.;t:^3 0MOS h 
V > v*^ ^' J3 J: 4 OMO S h 7 > i^*;^ ^ 

^Sr^HjBTtli: Lfz^ biii^mt-t^n^^2 iz^^ff) 

u -f 34* Y ® iaiaBSse L r -f- ih. -ptijkt* Eg s ix. 
#-fe;i'r u^tc^^LTYTTi-^^^^^iiuS^^ii^ ^ 

<07- Kiit^^-t'S.^-t >J^*Si:OWlz#BB-b;Pi:5r 



2 

2 t-se«E«0fiS^7 > r A 7 -t ;^ > * 'j ElKo 

mn^fifz±ii^7\^^ txm&^tifzm^7>9-M.7 9 

9 Hi Zfm 6 <r>M OS h 7>v;^^'On>7'>•^^^ffl<75iS. 
IS'f-i^. McYT'n-^^fl-f-TiJA^J^aTllvMr 
*B^lfi<JtCl&{'ti-*tg7<OMOS h 9 >->*>^^'fcJ:U'ig8 
<0M0 S h 9>v;<.5'?r^LT««$^x, ^h^Z^7<r> 
M O S h V > 5' i5 i l/f^ 8 OM OS h7>v;^*'0 
E?iJ«^a5:i-'b. Kc«!»«]ES:A:^3l--5.»9<^M 

OS Y7>'>':^9i:-it-Lx-t>:^mmvmL. m\<o 

3>T'>-9-t^5<0M0S h 7 >->*^ ^' tco^i^gCis J: 
Cf»2«03>7='>-9-i:^6<^?M0S h 7 ^' t<D« 

T-li. X7='r3-^^^■^4■r- HS^t LTUvnzfflfflfi*) 
\zm'^-ti>. Ev>tliS^Jg^$it/-^ 1 0<OMOS h7 
>->*;^^'i3J:CF^l l<r)UOSV'7>'Jy.9<r>mm.Ui)^ 
#7- KUtgSl^ti., 1^ 1 OOMOS Y^yVy^trn 

fix\-^hztimwLt-rz>m-^^i \zu^(r>m^'7 > tr 

30MOS h7>vx^', L< li-5-ix<bW:^Wj|i 
M O S h 7 > 9 X/^ 3<0M0Sh7>v>«.i'O 

X:)j^tL:i>Xo{zLX. -t>>^*a*/^<i7- m<oiE<2: 
*»JSif«im$n4J: T UL;ti t«-iRp®i:'t-5ii*«2 
Ib^m^^ 4 «o v^Tn^MzIBWoiK^t^ > r ^ -fc ;^ 

1 0 OMO s h 7 > v';^ i'. ^) L < ii-?-nt,ji:^r<r)^9 

<0M O S h7>->*;^5'i3<t I/lg 1 0 <0M 0 S h 9 > v*;^ 

^w^r-Mi, «iS6?ifat-b>>^jas/wi4 7- K«i<o 
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-r -2. «itg i i: S- t -r ii*Jl 6 S i±m?t^ 
ID 0 0 ll 

^'JlHlSS, V^AT^'-fe;^^^'; (Magn 

etic Random Access Memor 20 
yo MRAMtv»-9) HS&trRI't'&o 

[0 0 0 2] 

li. ^ 'J -b;H±iffe^i^^*a v>l±^JS^S•tt^/^- 

tS: 05i ^tiS « fig $ n T v -5, o V ;HS^ 14 5^ m 

[0 0 0 3] ^KDi^mt LX. *SJ|f«^^5 7 4 8 5 

1 EEE Transaction On 
Components Packaging and 
Manufacturing Technology 

-Part A, Uol. 170, No. 3, PP. 3 

7 3- 3 7 9fc. tm-t)utLx&±m^is.tn.mm (G 

MR:giant magneto— resistiv 

e) m^im^^fzURAUm^^^mTF^tiXy'^^o 

MR AMUSSli, 117 tc^l-i T tZ, AO 

MRAMBS&li^-t'jT U'fr-*^^! T U-i 6 0 4 is 

2 is J: OTiJr'n - 6 0 3 iJ i D-'JtScff 6 0 6 J: •) mJ& 

^ixz>„ 0 2 tny^^-r^ 0 3 J4, r K 

u;^/N*;^ 6 0 1 \z-^fi^nmm.^ixx\<^z>o ^iru^ 

6 0 4 i3J:U>'§|2 7U>f 6 0 *><r>-:)5{tU^^L 

n<r>^m^)vtLxm\<^hixz>^ ^ii-¥ix<r>^)V7U'i 
<^Tv^*o M<^^U1LB#IC«4, r U-l" 6 0 4^J:U'^ so 



4 

2 T U'^ 6 0 5 02Sl:^<7)JM«?$n/.:=ff (cmSES-^L, ± 

10 0 0 4] ^2<oef*iJ#Ti: LT, i|eil4f it^ 5 6 4 
0 3 4 3-^1-, h >*;^S^ES$v«^)t (TMR : t u n n 
el ing magneto— resistive)^ 

OMR AMIlIKTjfgg^^fLTV^^o C:<^MRAMiiK 
14, H 8 Jr^-f i ^ tc, T-'n - ^^701, 702t, 

i '9fll^$tfCv^-&„ ClOMR AMI1]SS(4, leiUflRS- 

•fe>;^mBiLO:^/jNtc*^iD$ii-Tiif't-t'5>**, io^^t- 
isv^T, l£]EEab4v>i4mii<7)^ai:^&x ittSiff (-tv>; 
Tvy) '^<7)«^:^;atcc)V»TI4fa^$fLTV^irV>„ 
[0 0 0 5] 

[#l?g**<g*LJ:-) t-r-£.SIS] ^1 OiJt3Saii5-CI4, 
(4, ^Ticfi^iJifM^^i/.: h 9 > :^ (r>t >m.ijLi>'^t 

flX\>>&o ttz. UW.-t)V7ly4 t^m-t)\^ 71^^ 

[0 0 0 6] m2<D'^?(S:ijimx^i^tm'^:)^^^zy-(t- 

^i'im^tzt)\^h^^izm^-r^^ti)'Xi^Z>o L7>> 

(4, ^)i'(r>mmi)^mmi,zf£;bfzib. mmitirmifio l 

%iS:tjim^<D^X2'Xjt7\^^imm-ri>iZli. #-t;V 

l4^v^o — jlS:fi<)^:GMR^^r-l4, MStcWlC 

mafLSroE-r/cto, &:^t&miSS.mmijLtWi^X-^i>o fie 
o r , Be«l t h 9 > V :^ ^ t ?S^«tn;3!??-?rE?iJSigl L 

t , h 7 > v;^ X'<on.s.mT*m^x-^r. Aflis^r 

Be* 111 L BBS (-t>.^r>-7') 3i«'£^St!i-&. 
[0007] Journal of Magn 

etics Society ofJapan>Uo 
1. 23, No. 1-2, PP. 5 5 - 5 7 IC^-if)^ 



(4) 



2001-325791 



5 

'iUt^tBLiaS&^^^^gt^rio Journal 
of Magnetismand Magnetic 
Materials Uol. 198-199. PP. 
1 6 4- 1 6 6 iicf •C5E'<'b*irv>^, J: ■) h > 

:^;P>'N'>J rSrfflv>rv'>^TMR«T-<OM^(-:*:i^fc«BE 

tt^O icSM $ E^is J: t>' h ^ > V X ^' oStJt U <t ^ 

Ti'-ty^.^^'jEss^jt^-r^i t=&ie<jti-^>„ ^c, 

-b;^ > ^ U i «: get) t i--&o 

[0 0 0 91 

^ tc^gE $ ^xT ^, i t # t -r ^ o 

10 0 1 01 tfz. ^^^mitz-^^-A^^m^^yv^Ti^-t 

gE?iJ ^ -t ;w r u -I- i: T-«fiK $ n /ciS^ 7 > r A T 
it^imSt L/^^ 1 <7)M0 S h 7 > v;^ ^' J: y-*^ 2 OM 

OS h^>->'7,^i!,f!^-t>:^mzmmmi^^tix. 



6 

2 COMO S h 9 > v;^ ^ o— Sl^ir. y- h 
^'(i-fO-^^Tji^lcoMOS h 7 > V ^' <0-^T- 
SM^iX, » 1 <0MO S h V > :^ 9 a Xirm 2 <OMO 

mmizwii'^-rz>. :s.^^ izmm^ ^ it fzm 3 (7)u OS h 

10 7 > V ^ ^ i3 J: 4 <OM OS h 7 > v ;^ ^' (om^U*^ 

V- h'mzis^m^n. j^somos h7>'v*;^^'<Dft6^ 

lim?f.lcS^StL. ^4CDM0S h7>vX^'(0flfiSII± 

lool 11 i^i. :^^m\z-!()-ii-i,m^y>f^-i^7i'-t 

izm^<r>f'- i fSffi-r # HB -b ;w t $ ti T , tail -t ;w 

10 0 1 21 tfz. :^^miZT!i^*-i,m:^^>VM.7i"t 

T u tj* Y 3 la sssB u j=f L r -5- n -rni^ ^ ic gsa ^ 

<r>mmmn.-A- h ^ * #B?,-b ;u i: cO^JSJ/Cffltt^ i t ^ 

o 

[0 0 131 S7t. 3t:§|^tC7&-7&-^BS^7>^AT^-t 

J:t>'m6<75MO S h v > ^ (7)3 Vr'V-y-fflJO^ 
hUYT'=J-:$^<t-^*?A:bSnTSvMl 

MOS >vXi$';MJ:i>*^8 0MOS V y > i^' :^ ^ <0 
50 i:3^iJSrcSI5:6-?>. hU2£ilSmiE4-A:^?^^^9 0M 
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v;^ iJ i U^S^ 1 KOMOS Y'7>V7.9tr>^mUi}'^ 
■7- K^!ai:SM$ix> IS 1 0<OMOS Y'7>'J7^^tD — 
««4B;W.tc«M?ti, ^ibJC^l lOMOS h7 

[0 0 141 *f&e^lC:6-/6»Sja5t7>:J^ATi'-t 

o s h 7 >v;i.^. ttzti"?- mcome^-^ici^o 

OMO S h 7>'J:^^ iiXr/^3(r)M0 S h 7 > ^ 
fa:*«JS««IJffll S H * i •? (C L 7t C: i: ilf® i: -t a o 

OS h7 v->*;^^. tfziir?- m<^mes--sni^o 

^1 OOMOS h7>v*;^5', "{) L< l±^iri:>M:^OSg 
9 <DUO S h V > v;^. 5' J3 J:?/^ 1 OCOMO S h 7 > v 

tBtl7!>«A*^^x^ J: 0 tiLT-t ;^cl±7- mo 

[0 0 161 tfzy 3p:5||g^c*»3J>-^>^B^9>:^^Ar^'■t 
#7- momiiSr^L<-r-&/c*i>ic, ^^b^^i:*?) 

[0 0 171 tfz. ^^mi>z-A^*-i,m^y>VAri^-b 
[00181 ttz. :^%miZ-/)^-A^^m:^y > T ^' -tr 
[0 0 191 

[5&^o^Moj&,^l mr. ^^m(7)mm<7)-mmim 

■CJi, — tRIt LT4 X 4 e-;' hOMR AMEfSi-^LTl: 
ffliifCI&tTmX n tr-;' h OMR AMUlSS^rtg^-C 
#-5>o la^ L/C J; -7 1-, *%ijgoMR AMiHiKJi, Y-P 
(Y- d e c o d e r ) 1 0 1 €:-&tfY;gjailSS 
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102, Xt'3-^(X -decoder) 103 
trXmSimS&l 0 4-fcJ:Uf-t;uri/-f 1 0 5*»t)fi}^$ 

[0 0 2 0] Y^aEKl 0 214, Yfn-n 0 1 
t, r- h*«Yx3-^i 0 1 lc«M$ix/cMOS h7 
> v;?. ^' 1 0 9 - 1 12, OM OSh7>v;^i'io 

9-112 izmm^tifz's.M 106, y- h tc^msE 

SBl 0 7 ii^h<DtiiMmm^tifzMO S Y7>Vy^9 I 
17-120, >^-«lJ**S^$.tt/::3>7'v-iM i 3^ i 
10 1 6-C«fij<;$nTV^4o MO S f- 7 >->'7. ^' 1 0 9- 1 
1 2 tMO.S Y'^'yVT.f 1 1 7~1 20isJ:t;f3:'-7' 
1 3-1 1 6\t^ix^ix^\,>\z^m.^1XXiiy). 

ifLi9 0^^*tci4, n vrv-^- 1 1 3 - 1 1 6 osfi 
^-Mta-t'&Tt*:), mtim 1 5 3 ~ 1 5 e s-^Li^eoai 

17-12 0Offe:^o:T:*%%I^«l4x -tJPT l^-f 105 

0-t>;^i^l 2 1-12 4 c-e-ii-m^^$*t-cv>-5o 

[0 0 2 11 XSjamg&l 0 4 14, X-r'3-4^1 0 3 

t, r- V:<i*Xr'r'-^^i o 3 tcggEg.it/cMOS h7 
20 1 2 9 - 1 3 2, c:nt*i«icl!i^'^^&MOS 

h7>->'X^'125-128. MOSh7>v*>^^'12 
5-128 \Z^m.^iXtzmM.l 0 Z-i>-hmWi^ix.Z>o M 

0Sh7>v;^^'i29-i32 o— 14 

ifSfe^tl., MO S h 'yy'yP^i' 1 2 9- 1 3 2 Offil^JO 
:^*e!fel|iat, MOS h9>->';^^' 1 2 5-1 2 8l4tB 

mzm&^fix\^-^ho tfz^ c:oSMfi,{:(4, -tjvru 

-f 1 0 5 07- mi 3 3 - 1 3 6 t^il^'fim^^^tl 
rv^^o -b^l'T U'f 1 0 5 14, -{:>;^j|!ftl 2 1-12 
4 , 7 - Kfe^ 1 3 3 - 1 3 6 :te J: O'^^^gtS^i^ 1 3 7 
30 - 1 5 2 T-l»fiKgn*o iS^jm^^^l 3 7- 1 5 214 
■^tl-?rtl. -t^-:^**! 21-124i:7-mi33- 
1 3 6 0^,^ttcEfi$ix, -tv;^!!! 2 1 - 1 2 4 t"? 
- mi 3 3 - ] 3 6 05l::^lCg^$aTv»io ^rjs, 
iS^Sfit^^-l 37~152i:L-Ch >^)\^mm^i&VL 

[0 0 2 2] MRAMl]E&7>f#^:|^«Ejc^>^ t iiicii, 
MOS Vyyi^'::^^' 10 9-11 2 iiyt 'y^BAZ^^-oX 
iJt), zi>r>^l 13-11 6l43CI|$tl., 0T5SO15D 
X9^JE (Vdo) U^r&o 3 Vf^-y- 113-1 

"0 1 6 t^f^^nrv^-sMO s 1- 7 > v;^^ 1 1 7 - 1 2 
0OA;t)i8yi4«ff^O«[)«m)E (Vdo) T*-&„ i/i, i 
Oi:§, tli**Sl 5 3- 1 5 6 tc()IB|;^omffVDO*»^ 
tTV-So MO S h 7 > v'::^ 1 1 7 - 1 2 014, -t V 
^«ll 2 1 - 1 2 4 4r-5eOffi:miit-l*ifi--&/:*:)UIS 
tfbti/cMOS hy>'y7.fr'i>^o MOS h5>v'>^ 
^' 1 17-120 (OmtmomS. ( Vs ) 14, ^iimfiE 
SBl 0 7 0%^-t-5>*£i«S (Vref ) MOS h7 

v->'>^^' 1 1 7- 1 2 ooggii#iiT-**:)'b^x^-^o 
I^Tmff (Vdrp ) -Cft^^H, MOS h^^-y:^^ 1 
50 1 7- 1 2 OOA^IfflomE (Vd ) ;JfSIiLr(>ajt) 
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fflOmS (VS ) «i^IilL*V^o VS > Vref ^ Vdrp ' 

Vs =Vref - Vdrp (fzfzL. 

1 2 4immu (Vs ) ^mj^i>^o 

[00231 MOSh^>v;^:5'125-128tMO 
S h ^ > v;^ 1 2 9 - 1 3 2 li> Xr-':J-Vl 0 3^^ 

f^oft-^iifL^cT. mMizmi'^t^o uRAM^mm 

«ltt®ic*>'5>^tc(i. MOS 12 5-12 

s-^^-^yLx^^ ^ MOS h^vy;^^?^ 1 2 9-- l 3 2 
it^^y^mr-A^o -Ej® 1 0 8 i: 7 - mi 3 

3-1 3 6ii. -5-tt-rnMOS h7>v;^^ 1 2 5-1 
2 8 *^LrgM^:KT> -fe>;^S5|l 2 1 - 1 2 4 

i-^XCDU- yWil 3 3 - 1 3 6(i^mfi£ (V 
s ) t^,«ll«/ctT.TV^^o 

[0 0 2 4] 7- mi 3 3 - 1 3 6 S'-fe>;^*ai 2 1 
-12 4 t^m&OVs tci^o/ci6til±s v-^ < -o-^^co:^ 

mi 0 8-CVs *-^x;5)^i:CJ: I}. 7 - mi 3 3- 
1 3 6^Vs t::<So»;J^DTtgTi,^, m(D:^i^t LX 
ii. MOS VyyVTs^ I 2 5 0>^r-- hU^^LTv^^ 
^ >y'f-:$r 1 5 7 ti, 0IJx.l^^ 112 HS^Lf^J: ^ ^rPSS 
MOS h^>v;^^ 1 5 8 iiNMMOS Y'y^VTs^ I 
b 9 ti)^hm'^'^fi^o -<7)®^, Pi2MOSh^>v 
\ S 8c0V->^l:®^*m«l±SBl 0 7 ^SML> 
MOS 1 2 5<7)iaffiil#tttCi 19. •t>;^jSa 

1 2 1 - 1 2 4 i: [5]«H 7 - 1 3 3 ^ Vs tll*o^ 
5!)^^^tei:^:-5)o Cl tL^b ii 7 - KSS 1 3 3 - 1 3 6 ?rVs 
t ' « o «!> O — 00 -C * ^ o 
[0 0 2 5] :;^tC. ^J;lifffi^«JA^T-l 4 2 iCfSJt^ 

^^■1 4 2 it-^Jl^r <D2^12^i\Ziim:LX\^^^o 

X-r'n-iJ^l 0 3 7&-^0<i-^U<t MOS h 
^ ^vT.^ 1 3 0 7!i^:^->U^ ^tlt [s]B$HMO S h 
7 >v7.^ 1 2 6i)^:^y tfj:^o e£oT2^Tg07- K 
«ai 3 4liM0S h7>v>^^ 1 3 OSrirt^LrSftb^ 
tl> mMl 0 6. MOS b ^ >v;^i$' 1 1 0> MO S h 
^ > ^ 1 1 8 . -t >xm 12 2. ffi^iSfct*^ 1 4 
2. 7 - K^l 3 4. MOS hv>vX^ 1 3 0 Oiffl 
t::. mht^mtii>o :i<D^. [wi-(07-mi 3 4 u^f 

m^tix^^^^m^t&tjimi^i 4 1 . 143. i4 4ii<> 
[0 0 2 6] cici-cmif'i^oii. i-^T<^-t >;^)Si 2 

1-12 4 iiMO S h ^ > v;^?. ^ 1 1 7 - 1 2 0 HJ: 

•9. (Vs ) \,zi^tzrLX\^^i>ztt. MiR^tix 

v^35:v^7 - mi 3 3. 1 3 5. 1 3 6 ^ti^^flU 
OS h^>v^i?' 1 2 5 . 1 2 7 . 1 2 8tCJ:i9.^m 
iiL (Vs ) tH?./cn-rv^;2>^tT-^;5>o ^0;^^a6li. # 
-t;KCMO S h ^ > v;^^i>^vMi. Pi- - K^rfflv^ 

•tv^^.^ai 2 1-12 4 C«i^:?x-e'fLlEjEVs ^ 
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vd >vs ) (1) 

X i/^m^i&tjimi^ 14 1-14 4 (omm^^ h^^^ 

[0 0 2 7 ] 2ff g^7)7- K«ll 3 4 <7:)iMiRH^v^T. 
Yx 3-^5^1 0 1 (D^^h(Om^iZ<i^ 0 2?«§0-t 
1 2 2*>'iiiR$ti-5)o -OB#. MO S h ^vy;^^^ 1 1 
Oity^yti^^. 2?iJEO-fe>;^)^l 2 2liSigl 0 6 
7&^^«3»}St$tl^:;!i^ n>x>-^f 1 1 4 (i^m^n;'cm 
10 ^i:tim.LKi:i)^h. m^mm'f- 1 4 2t:{i||StL;&^'irLn 
oo-tt-5)o ^(Of^m. n>x*>-9-l 1 4ii*i:-smiE. 

MOS hy>i^:^^ 1 1 8 OAtlffliJomEEIi 
fiT-r^T^i^ MO S h ^ > vy^ ^ 1 I 8 t7)a:l:t)ffl^7)l;E 

(Vs ) (imliSL/ci^tc (1) ^Xjk&itifhti^fz 

a^ry^^i 1 4 ti^i:nmi±<7)B#rBm^tvD (t) 

ii. 493^mi±VDO. ri^Vx^-y-l 1 4(DmtC. 7. 
m. \ 2 2 HSEtL^l;S£ls . MOS Y'7>'J7s9 1 1 8 
OUi:tl1BiJOSffiVs i3j:t>'M0S h > 5^ l l 8 <0 
20 n^mittj::b^y:^Wi \ 2 2. M^Sfit^^-l 4 2. 
7- mi 3 4. MOS h^Vv;:^^ 1 3 0<O^^m.tjL 
Rim^^^t. (2) ^IC^f iiir^o 
[0 0 2 8] 

mw 

[0 0 2 9] (2) ^tCi^L/cJ: d t^. l l 

4 ufti:^mjEcoB$rB^^>ffc(iffis^igts:^^i 4 2cojsj5i 

ICJ: i9^^fc;^:6-'M^^;2>o -t^t?^. «g^ffilJL^T*l 4 2 
30 7&-'i^ffitn;:|:^«gC*>2>B#H(i. n Vr-'v-^^ 1 1 4 ti^ 

m/±OB#fBl^^>fb(i:/h^ < . um^JSJA*^- 1 4 2 7!)-' 

iajsstttBtc4)^Bfti(i. u^ry^^i i4u^i:-5m 

1 1 4 (Dm.s.h^\^^\t%]±mt^^ti^i 5 4 
LTi^aii-^i^T% ss^stits^i 4 2o»jm?g-f 
^ ^ L T V ^ ^ T-' - ^ n m -r - ^ ^ o 

[0 0 3 0] 3f:%B^OMRAMlpI6&T-ti. iSS^ffiJitST- 

1 4 2uenin^tL^mff«ivs T-A-2><or% ^mm.m 

=^-1 4 2^m.m-fhn.S.h^^^\t. T;^'|?cS14tzJ: 

J). m:^«si 5 4 u^i:>&mffti. t^so«jmiiiKti+ 

MR AMIUK-Cli. ffi^jm^T-l 4 2 ^gyiJlCO^fcTi^ 
n/;:BS«a}K*T;. MO S h 7 > v;^ ^ i 3 0 colg}^L7&^:fc§ 
ffi^iKtJi^^ 1 4 2 OfiS^JgJjLJt7»^+^ 
<?)^n^^^^ LTfc. (2) >-r'>'*f 1 1 3 

-1 1 ecosftc. «a^ffitJt3i^^ic6njD't'5>mJEVs > 

Sa^ffiSt^^ 1 3 7- 1 5 2 (Tjm^iKCLffiii J: > f' 

50 >^(owLn.\zm:'i-hnmtimmit'rhz.tx. 
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Sc^ ffi L ma » -i) CI t ^JJ-C § o 
[0 0 3 1] *||§goMR AMIlIS&li^ tZm.-t Jl^m^t^ 

tasii, ±ic, rjVT'y-9-i 13-11 6e?$S:C, 
ffii^igJJt^^- 13 7-152 <7>^^igtSiii5 J: i/m^i& 
^m^l 3 7- 1 5 2 tcEPiDl-^miEVs I- J: "JifeSe? 

^r^^tti L**°I tgr-* -5 o ^Tt:. 3 > •7'>-9- 1 1 3 - 1 

SL*:v>o 10 
[0 0 3 2] ttz. mi&LfzXolz. 3|s|ll!&-e«4, I^- 

K^i 3 4 tc«s^$nrv^<2,je^igts:«^i 4 

K 1 4 3. 1 4 4 H^|H|^tcm»£*J^fL-&„ ttoT. 
MOS ^7>v;^^' 1 1 Obmrnz. MOS h7>->*>^ 
^'109. 111. I12i)-^yiz-r:i>t. m^min^m 
^•1 4 1 . 1 4 3. 1 4 4 tCfSI5$n/cffi|g?r, •f-n-?' 
ft, a:t(|tl5 3. 1 5 5, 1 5 6;i't,|WIB#tCiife=ff LT 

3>f :^-i^tC^«L, Sells' fL-5||^S-c*-&/ci6, 20 

0^&$*i^v»c •PBlc^LfcT'-^'K-^i^tB LtOy- 

'J^V^-Cti, MOS y'7yV7.9 1 3 0*»* >»C55f •) X 
^tl.tlH)B#lCMO S h 7 >v';^^ 1 2 6**:i-7tCiro7t 
MO S h 9 >->';^ 1 1 0A«:f7t ;feoTV^-i, 
;i*tt><^MO S h 7 >v;^^<0;^^ v'f-tOM^Iijl 

[0 0 3 4] II13li, :*:^§^cO«JfeOflfe<Of^B«-^-t-o 30 
US ic^LfcMRAMHBSll. m-^m\z\tm 1 »c^L;t 

11, -feVXiatMOS h9>v;^^'Sr;^LT3>f'>-9- 

t LTv»<&o C:<0[a]SSr-l±, 2 oco«g^Jfttjt»^Srfflv» 
■C 1 kf-y K7)ffl$g=£-|fi1Si-a<0T% El 3 tl^ L/cM R A 
MESSll, 4X2 = 8Vf-;' KOlt««rietgi-*ll!SOp!| 

[0 0 3 5] «aj^lSr«a^lgt/L3?^ 2 4 1 , 2 4 2 

JS^ifitit^^ 2 4 H±'tJVrU-^(D2^im. i&^miA. 50 
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«^2 4 2 ll-t;PTl^.<(D21f 2?ijtr'lift LTv^^e 14 
CieJtZXf'n-^^Z 0 3*-<bOffi-?-tz J: 0, MO S h 7 
^v;^:? 2 3 0**:t>lCi:l9, w fli; I^B$(ZMO S h 7 
>v;^i' 2 2 6**:i-7i:!5r4o fitoT, 24t§<07- K 
iia2 3 4 I4M0 S h 7 > v^^' 2 3 0 =Sr^LTSJfeS> 

■Sjlf.2 0 6, MOS h'7>Vyt.i' 2 0 9, MOS h 
7>v*;^^' 2 1 7, ■b>:Km2 2 1, m%1&tjimi-2 4 

1. 7- K^a2 3 4 , MOS h7>->*>^^ 2 3 0 i:, ^ 

jjit*^s£ti^o tfzm^iz. m.M2 0 6, MOS ^ 7 

;^^'2 1 0, M0Sh7>v;^^'21 8, -fc>;^*a2 2 

2, fiSi^JSei^T-2 4 2, "7- K«2 3 4, MOS h7 
>v';^5' 2 3 OcDgSS-e'i)m^**cKn-J>o 

[0 0 3 6] ■t'<-C<D-fe>;^jia2 2 1 - 2 2 4 I4M0 S 
h9>-:^;^^217-22 OiZXoX^W.^ (Vs ) iz 
^fztiXisy). tfzmiR^tiX^^tty^^U- y'm.2 3 3. 
2 3 5, 2 3 6 fc-g-tt-PirMOS h7 >v;^^' 2 2 5, 
2 2 7, 2 2 StCi 0. (Vs ) U»/cixTV> 

4o Z(Otzi(). #-t;HCMOS h 7 >v7.i'*^,v>(4, 

ruA^-RrCCiiTJ^r'^, ■b>'>^^g2 2 1 ~2 2 4 (CI4-^ 

^^-p^t Vs a x if^m^t&mf^ih 2 4 i - 2 4 4 wiaiJt 

[0 0 3 7] 2=}TiO'7- m2 3 4 OS4RtC^v>r, 
Yr='-V2 0 1 co*-^<7)M-^tcJ: 0 1 ?iJgO-t:>;?.JS 
2 2 1 i:, 2^Ji<D-t >;^i6a2 2 2**a«?Sitio 
B#, MOS Vy>'J:^9 209, 210(l:t7i:^»), 
1 ^Jg<0-b >;^«a2 2 1 t 2?iJgO-b>;?>^2 2 2 Jl|| 
ilg2 0 6 3>»lb^»3JiS*t47>«, 3>f'>-t2 13, 2 1 

4^z^m.^rLfzm.^iW^'^L^^:f)^h. m%i&ijim=F2 4 

1, 2 4 2 HJ4m»£3!i*»i£ixo-p-tt-&o iO^:^, =i>r' 
>-»^2 1 3, 2 14 tC^i:-5m]E, i-ii:*>*,, MOS h 
7>v;^^' 2 1 7, 2 1 8<OA^»1i<omE<4®T-t'& 
75^ MO S h 7 > v*;^ ^ 2 1 7, 2 1 8 (Otiit)m<OW.S. 

(Vs ) (Imri^L/cJ: -7 (1) ^T-ife5c#lt "btt^/: 

3>T-*>-»f2 13,21 4 (C^i:-5(7)mEOB#ra^-fkV 
D (t) (4, (2) j^tC^L/ciiO-e*)*o 
[0 0 3 8] (2) 5S:n^L?tJ:dt-. nvf V-1J-2 1 

3,214 iz±cim.m(0j^mmmm%tSim.m'F2 4 
f - 1 "t?** t i t;i4, sa^«tfl:s^^ 2 4 1 Ti^j^ 

«}jLfcffi, :*>o, «S$^jSJn:^^2 4 2 jitfiaDt^cJ^r-*) 
St-f-Si:, 3>7='>-9-2 1 3<?5l;)EffiTJ: I) ^f^-f^ 
■9-2 1 4OmiE®T<0S$rTOb**:^c§v^ Si-fUSBtir' 

- 9 i><" 0 -c* & t i ic J4, «8ja;«ts;^? 2 4 1 

tAt«c^, tJ^o, fig^ffi})t^i^2 4 2 ^sjS^tSttS t 

3 >T'>-9- 2 1 3 (75mi±1g:TJ: 3 v-fV-y- 2 1 4 
<0miEfi5:T<DP#K^^bl4/JsS>v^o *-&-SB$rBm®f^ 
IC, :3>f'>-»J-2 1 3 i:3>7'>-<J-2 1 4 0lEJE<r)||^• 
M®l)^9l|'iSff2 5 3-CflJ^L, -?-Ofl^ite«4-SS*mL7' 
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tLXtiit)iSL2 5 5 J: »)ffi^Ji--5o 
[0 0 3 9] t mii^M<0='>r>^2 1 3 t rj 
Voirr (t) = (Vs /C) I (1 

[0 0 4 0] cliTRL . rh ti-^fi-^ti. m^t&tKm 

n^WijL mos 

Y'7>'J:^.f 2 z 0(r>%m&.^) X'hho (3) ^trJs 

V>T, •p»x.lf3>7'>-9-0$»CS- 1 pF, MOS h7 

^n^^mmmnRi. sr i o kn, -^m^mn^^-R 
H s- 1 2 kn^:^^l-ll;snr«e^r^i^:^EieL. 

■9-2 13. 2 1 4<7)ft^B#ra=^2 4 n s e c t-fat, 
IfiltT'-^'CO" 1" , " 0" tclSCTVom- (24ns 
ec) **± 1 0 OmV«oai:d**»'bn-£)i 
eEffO^^«:DRAM<D-fe>;;^r>y (MfftliUS) <o 

[0 0 4 11 iW^ifeOB^.tc J: -SMR AMUBSf II, 
«S^ffiM;^7-2 4 K 2 4 2 Icen^JD^^tt&^ffliVs -c 
«g^«t)L^^-2 4 1 , 2 4 2 tfiS®1--5>mi± 

Oit35«-Ci<5o L*^L^**^, :3>7'>-9-2 1 3, 2 

1 4 Of^ffllC J: ») , Mii)iii|i§S (ItmS) 2 5 3 tiAtJ 

[0 0 4 2] ^f>ic, isii-b;i'«fiS;**l^ticffi*r*)-& 

M R A M HBS-r- 1± , a^jatnCmi^ t K^O U o tJ^ ;t §E 
uma. MOS h 7 >->';?. ^'<0«tn;7!>*:^§v->, ^>-6v^ 

[0 0 4 3] $c>tc, tUi^L/^iTC, m 

2 3 4 tC^^^nrv^-Sja^SeL^^ 2 4 3, 2 4 4 tC 

iinm^nMi)^m.fii,> tj&oXMos h^vv;^^ 2 o 

9,210 t|B!;^(C, MOS h 9 > v;^^' 2 1 1 , 21 

2 t :^ -7 ti-r t , sa^isijtSi^ 2 4 3 > 244 uieis 
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*.>T-'>^^2 1 4 ro^ao^Vorr (t) l± (2) ^ic>{> 
(3) ^tc^-ti T tcLT**!)t,n«.o 
Rl ) - (1/Rh ) I t (3) 

JEo^?ijM.^aiL=t=[To/-j^'g-i;(±, lI;^^^t5Lx-^'l■ 
^cJ^1--^>m«m;tl055!J^3i»';^^^o ttn. mizr-'^m.^ 

10 [ 0 0 4 4 1 H 4 l±2^^?g<^|lte0^tfe<^)?^®Sr5^-ro 11 
4 lc^L;tMRAMIiIBS»i, «2|s:fitltcl±BI3 Ic^L/cll 

:ifl±, MRAMiag&Ji, Yt'3-*^3 0 I Sr-^trY^ 
3[1K3 0 2, ^ 1 OX-f'3-:J^3 0 3 ?-§-tr» 1 OX 
^2i]fi&3 0 4, ^ 1 O-t^WT W'f 3 0 5fcJ;U't5l£<0 

Y^iaiiB&3 0 2 ic**Lr, ^ix^ixni^^ii^m~m 

e^tl-i., ^2 <DX-r'3-r 3 0 6 ^-g-tf^2 COXSa 
v-bo -eK-e'ilO-fe;i'7V'f 3 0 5, 3 0 8tc^'tt*, 

ij?<t < t «> i2icjfli±<o'7- vmzii. ^m&mmm.^ 

iXi>o 1114 H^Lf-t^T-l±, ^ I (7)-b;WTl^-f 3 0 5 
l±, 7- m3 1 3tC«j£Set3 15-31 8**®M$ 
it. |g 2 <0-t;l'T U-f 3 0 8 T-li, 7- ms 2 7 
i^««L3 2 8- 3 3 1 Tif^fM^Hrv^^e 

[0 0 4 5] ^<r>%mmm\~i-in\3:> mk.[f.^\(r> 
•t;WTl'-f 3 0 5 0-fe>;^j||3 1 0 ty- Kiit3 1 4 »c 
«^^^^fJ^^}£fct«?•3 2 0<75lf$B«-K^ffi-tJ^-&i; 
30 (i, §1 2 (0-t JUT 3 0 8 <D-b >X^3 2 4 t "7- K 
113 2 7 tc«^$n/-»!»iStn;3 2 9*-'b<0(I-f-*#fiS 
W-f-tL, ^1 iiJ:UfSS2 0MRAMiI8Si:|^«OMa 

tJiSl^3 19, 32 K 3 2 2 tC5E1t$n/:1f$Bt, ^ 

ffljlfliStl 3 3 2 , 3 3 4, 3 3 5'&fflV^-C, ^i^^tit 3 

2 8, 3 3 0, 3 Z \i}-h<r)m^t)tm.-fZ,ZtX^^ 

3 0 5 07- Kiia3 1 3 »C«^S*t/-aii»Jgtjt3 1 5- 
40 3 1 8I±, ^2<75-fe;VTL'-Y 3 0 8ueEfiSixfcfi8^Jg 

to 0 4 61 tJe-oT, z.<r>mM<r>wm\:-i-Z>M^AUm 

-Srff v>^-r V'o * 315-318, 328 

-zz \i)-h<om^i^^,7'-9\zm\'^z>ztx-. f-v 

50 «)/hS <fS-Dc: t*»Ti-&o L7>»L^^#^^ nv-fv-y- 
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iI»T+^(C-7'-^'S-^mT§-5.o ^h\Z. MR AMID 

^t-VW%\Zl^^ii:m^mLi)^^t^i3Z>o tfz. 3> 

10 0 4 71 M^igiitS?-irJ>f LTiS?ijHo^*f 10 

itfzmm.WSi. MO S h 7 >' V >^ ^ ^ h 

v^^iLTfc, (2) ^OnVT'V-y-O^SC, iS^iSta 

[0 0 4 8] BISii, *5l?l<0^ife<Dffe<DJKS4-^i-o 
US IC^tf-MR AMUSSti, ^^^etHCIill 4 {C^L/c 

*o Yf'=i-r4 0 1 4--^tfYSa[H]S§4 0 

2. Xf3-^4 0 3 Sr#tj-X®3a@]S&4 0 4i5J:r>'-b 30 
jUTU-f 4 0 SJ&^tjffiffiSE^n-So SC>IC, ^''f5>i^$lj 
iWHSS-Pi-S) ^"f 5 V*':^ V h 0-9 4 0 6 ICi , Y 
•f3-^^40 li:XT'n-^^40 Z<Dm'fi' ^ 5 
ftlJIWLTV>,5,o XSiai]S&4 0 4 I4> MifiO^HSStOJB 

^j^ifEM^^t^'-totiitJi^ t: -cab -So 

[0 0 4 9] — :^r, Y^ia[l)iS4 0 2 li. Y7'3-^^4 

0 K hTj^Y-f 3-^4 0 1 iZi&m.^titz^b(r>U 
OSY'7>'J7.fA\0. 412, S^ecOMOS h7> 
vX^41K 413.Ctl'b <7>M OS f 9 > v;^ ^ 4 

1 0-A I Z\,zm^^iXtznmA Q 7 . Y-Y\,ZY7'-=i 40 
-^^4 0 1 *-e,<ote:^37i*«^Sii, iJ2v»ic«?iict!j^>^ 

1--i)^7i3 J;Uf^8<^M0 S h 7 >v;^ 5' 4 1 8., 4 1 
9iJJ:t;'420, 421, Y- V lC»!>mi±g|5 4 0 8*^ 

CjOtii:^3;>j^^$ix/c^9<0M0S h7>v;^^'4 2 

2, 4 2 3, >^-ffly*»«ilb$*t/^3>T'>-9-4 14-41 

7, al:/D^r^^al-r^.|li^Ilg♦ss4 4 6, 4 4 i-b-hmm 

10 0 5 01 iOHiffiOJ^^-CJi, MRAMIlgS**#^ 

i: J MO S h 7 > v';^:?' 4 10-4 1 

3 I4:t >:|^^lCi:oTJi3 3>7'>hJ-4 14-4 17 so 



16 

l±5E«$tl., B'T^cO^jD^miE (Vdo) IC^f-So S/c, C 
<7)B$, MOS Y7>'J7.^ A 18,42 Ol4:t>ttSI 

MO S h y>'j7.9 4 1 9, 4 2 1 i4:t7:ycBt ^ 
oTV>*o i^oT, MOS h9>->*::^.i'4 18, 4 2 0 
S-^ThLT, 3>T'>-9-4 14,41 6 i:«ffi$fLTV>-J, 
^9<0MO S h 7 >->*;?.^ 4 2 2 , 4 2 3 OA:^3ffl -bfif 
^<0l5!J^mffiT**o »9OM0S 4 2 

2 , 4 2 3 14, -t >>?.|S4 2 4, 4 2 5 i'-^Oi&miE 

»;'IS#-r-5;t*:>izK:(t^>fL/cMO s h7>->'>^^'r* 

[0 0 5 1] tggOMOS h9>->*X^ 4 2 2, 4 2 3 

Offil»l|iJ(r)mi±l4, ^i»m]Eg|5 4 0 8 O^^^-f -S^mS 
a (Vref ) t, ^9<0M0 S h "y^'JX^ A 2 2,4 
2 3<0Kfi|J|f14-C^*:)t,^ti-^o|^-p^Ji (Vdrp ) 
T-i^^^tt, MOSh9>v;i.^'422. 42 3 <0A* 

m<r)m.E. (vd ) Ti^^ftLTfcajiiffiijomE (vs ) 14 
^iS-it-r, (1) ^-c*i6ibiX'5>o :i(Dfzi(}. ■t'<x<r> 

•b>yt,mA 2 4. A 2 5l44?ISfi[ (Vs ) *cStC*)-&o 
ISI^IZ, ^«S«Sr-l4, 111 OOMO S h 9>vX^ 4 
26-429 I- J; I9i-'<T07- KM4 3 4 -4 3 714 

^mffi (Vs ) :^mizmztix\^>^o 
[0 0 5 2] mx.if..m^m.in.m^A a o iz^w^tttz 
r-i' im^ta-rm-kizii, xr'=i-i^4 o 

■f-fCj: t}, 1^1 lOMOS h9>v>5.:>^4 3 1 4':«->, 
ISI^tC^l OOMOS h7>v;^^'4 2 7*:*-7t-t 
■5o ::<?3ft:^, MOSh7>v;^^4 10, MOSh7 
> v;^ ^' 4 1 8 , MO S h 7 > v;^ 4 2 2 , l&^l&tn. 
m^A A Oi:m^X'^m-iti^W.*t&o i<0^, ■t'<X(r>-t 
>';^?^424, 425l4MOSh7>v;^i'422, 4 
2 3lCJ:l9, i/-, aMiJ?^ix-Cv>^v>7- m4 3 4, 
4 3 6, 4 3 7 0<OMO S V 7 

426, 428, 42 9 (r>:t y^WJZ X , ^W-U (V 
S) iCtS^^wtLTV^^o ^^eoT, #-t;HCMO S h ^ V V 

4, 4 2 5tCI4, •?-n.-f'itVS is J:iy-'#«S^ffiJiL*i^4 
4 0, 4 4 1 <0^iiLll*»t>ife5e$ix*:*ci 
*t^.o Y-7'3-:J^4 0 1 (Di}-h<r>m^\ZX I), M 

O S h 7 > vX*' 4 1 0 I4;t-7i: ^ 19, n > •f >- •9- 4 1 

4 tC5(E^$*l./j||#5r&mL^r*Jf,, fiS^igj^t^i^ 4 4 

0 tri4^8£**g£*io-:J(tSo r<^*£*, a>f>'^Al 
AiZ±\:,i>m.&li (2) ^tCfi^cT, fifeTl-*o 

[0 0 5 3] 'kl,z. -^B#Ffl^Jif^l-. -Bffiijic, ^1 

1 OMO S h 7 > v;^^' 4 3 1 «r^7, Cilt |BIB#IC^ 
1 OOMOS h 4 2 7 L, fi5^«tt 
^?^4 4 0?ra'9ai[*tTv»7^-||jrLS-lt*:)-5.o -f-O^, $ 
iii^ilS&S-i&l'^S-ti-T, M^}gj5t^^4 4 0 (1" 0" 
tfzlt" 1" t LT*i3itr;5N -B#e<ji: 

MO S h 9 Vv^^^' 4 1 8 M 

05 h7 ^ 4 1 9yt->Hz-ri>o WV. MOS h 
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7 V v;?, ^' 4 3 1 S- :t V, ^ 1 0 <DMO S b 7 > v';^ ^ 
427S-:^7i:i-*i:, M0Sf7>v;^^'4 1 K M 

0 S h 9 ^ 4 19, ® 9 tOMO S h 7 V 5^ 4 

2 2, «S$l«tJtSI^4 4 ooig«&-es8K*«a[n*o 

tc, M0Sh7>v;^i'4 1l4r:t>'t-rit, =i>7' 

m^4 4 oizitn^i^mnm^^o znm^. m^t&m. 

^=T-4 4 0<O#Bg*tSlClSi:T, 3>T'>-9-4 1 5t:^ 

[0 0 5 4] SO^, -5eB#r^iSia^lC, m 1 OMO S lO 
h 7 Vv;^.^' 4 3 1 C:tli:|W|B#lZMO S h 7 > 

-yxi' 4 2 7 tL. m^t&iAm^ 4 4 Oi:m*)'^i 

tLTV^f-Sru^Jh*, 3>T-'>-9-4 1 4 t 3>T'>-9-4 

1 5 omESSrmibli'l>§tl4 4 6 ^fflv^T, ^ttm-f-So 

s^tc, 5a^«tn:3K^4 4 0 izTcor- if imm^ih^ 

tux*). MR AMESS^^t LTfir'-^'O^^fiSSIK 

[0 0 5 51 i<30liiS«o®sgtci5it'&MR AMiassr- 

■b X If t, o i *t -t ^ 0 S&»^^ H ffi T v> ^ o 
*7t, m^Wimm'F4 4 0 ic6PiD$n-5.«]EfiVs r-* 

SOT% m$lSt/L^^4 4 0S-fi![:8-r-5SS, *-&VM4 

^L<#^^5^'fb^-fr^m)EJ: •) -b/h^ <^!Soii::6^r• 
i^xt>o/-?7>-i'4-ftji-fb-r*i t-c. ^^-ttc^ji^ 

(0 0 5 61 S/^, ItieMR AMEfiST-li, ^^jgtJt^ 

"f-tm.mz-ot^niititz^mi&tji. Mos h7 vv;!;^'o 

<^n^v»t LT fc, (2) Tt«03>T'>-^O 

SIC, ?a^«i3L^^^tcepjDi--5.«Evs , m%i&t}im "o 

- K«a4 3 5lC«MS^nTv^^.J«S^tSjA*i^4 4 1 ilB) 

r-^^o ^fjH, MR AMi5]gsoijc<;2*.tiiLii#(7)rBsm:ti 
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[0 0 5 71 lil6l42^^?g<0^ifec0fl&O3fB|E$-^'to C 

LT**o c:c:t-i4, -t >;^«t5 0 6 - 5 0 9 «0^<i=Jr 
i. ^iEmtUm^i>tztb\.z. JtSES5 1 0-5 1 3^15: 
It, ^<r>mt)iMos y'^->v:^9 501-50 4 or 

- MlAtlLTV».S» JtSJSS 10-51 3<OiE<0At) 

(jE«^) i±»m«ssi55 0 5 :g<oA:^ 

(:©^Sii) 14, '5-tL^Pix-b>;^j!i|5 0 6-5 0 9tc«^ 

!»maS65 0 5 0^mmi±J: •9l&v>:^-g-Ul4, MOSh 
7 > v*;^^ 5 0 1 - 5 0 4 <7)-p i^j£.-t'5)M0 S h 7 

-b>;i,iiS5 0 6 - 5 0 9 (7)^14 If ;&o CltltfiS** 

-fsjtLTj^o-t >;^^(^mi2:*j*j*«ag6 5 0 5<o*m 

SjEJ: •)S5v»*-g-iri4, MO S h 7 Vv;^*' 5 0 1-5 

0 4(7)T-t>, itiS't'&MOS h7>v>^:?or- h^E 
«:Tlf, -t v;^J&om{a:4-T»f-5.o CftlcJ: 

[0 0 5 81 ^%?^1CJ: I?, ^iilf«bo#|c3t*Lr, $ 
3eIf)ft**^*I^MRAM|lS&:6q#'b.^x/-o i^w, i<0|s] 
e&l4, MOS yyy-JT.^ 5 0 1 -5 0 40ffl£3>r 

9 J: 2>-t >;^iga5 0 6 - 5 0 9 «omfi[<OgJSll <{) 

S!)'f'^**^«lT*-6o i^:-ri4, MRAMi|gS*«i!) 

l^ + 0^iji*IJffllS-^T-9itlJtf 5 10-51 36^t?l)4-*L 

J: Tic, feibjJ-C^MIEi-ilSSIS-^i-iJtKStfflv* 
T, IEiEL/wi]fiSvN-7>-5'*/F»fllc«#-e§-5it^ 

[0 0 5 91 iris, I16T-l4-t>X«|5 0 6- 5 0 90 
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/cE^aiSiA:. MOS h ^ > v^. ^j;?, 

[0 0 6 2] :$:5&egOMR AMii. #-t>>^ia 

MRAMIi]SS<^lI*^mLB#(7)rg»m:^(ix ^^fitJtl=i> 

11212] m 1 iz^n^^ > (Dm'^'S: Tj^i-m^m 
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102. 202. 302. 402 Y®i2i]8S 

103> 203. 303. 306. 403 Xr'zi-V 
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1 0 5. 2 0 5. 3 0 5. 3 0 8. 4 0 5 ■lr;i/TU>f 

106. 108. 206. 208. 407. 409 m 

m 
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109-^112. 209'-212. 501--504 m 
1 OMO S h ^ > vJ^iJ' 

113-116.213-216.414-417 n 

117-120. 217-220 ^2OM0Sh^> 

121-124. 221-224. 309-312. 3 
23-326. 424-425. 506-509 -ty 

1 2 5- 1 2 8. 2 2 5 - 2 2 8 ^3<0M0Sh7> 

1 2 9- 1 3 2. 2 2 9 -2 3 2 ^4<0M0Sh^> 
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27. 434-4377 - 
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3 8 -4 4 5 m^t&tjim'f' 
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15 7 ^ >^<-i^ 

315-318. 328-331 mmt&ijL 

4 0 6 5^ >f ^ > h (:$^^ < >^ftlj^ll 



4 10. 412 ^SCOMOS >v7.^ 
4 11.413 ^6 <DU OS h ^ > V 7. 5^ 

mS(DMO S h V > vT.^' 
^9 OMO S h ^ > v;:;^ 
^1 OOMOS h^VvX^ 
^ 1 1 (DUOS h 7 >vX^ 



4 18. 420 
4 19. 4 2 1 
4 2 2. 4 2 3 
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4 3 0-433 

5 10-513 mm 
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